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(57) Abstract: The invention is directed to a method and apparatus for detecting and measuring the concentration of an analyle in 
2 a tissue and a patient. Particularly, the invention is directed to methods wherein a spectroscopic measurement is combined with an 

adjunct sp>ectroscopic or non-spectroscopic measurement to provide a more accurate measure of the analyle. The non-spectroscopic 
Q measurements include adjunct spectral measurements, adjunct physiological measurements of the patient, the tissue or the patient 
^ from whom the tissue was obtained, or adjunct informational determinants. Preferably these methods can be used for determining 
^ the level of glucose in a patient and for enhancing a calibration system. 
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ADJUNCT QUANTITATIVE SYSTEM AND METHOD FORNON- 
INVASrVE MEASUREMENT OF IN VTS^O ANALYTES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a method and apparatus for the non-ihvasive measurement of zn 
vzvo analytes in a patient. Particularly, the invention relates to the use of a combination 
of one or more spectroscopic measurements combined with an adjunct spectrpscopic or 
hdn-specti"oscopic measurement for the measurement of analytes in a tissue of a patient. 

2, Background of the Invention 

Diabetes mellitus is a chronic life thieatening disease for wliich there is presently no 
cure. It is the sixth-leading cause of death by disease in the United, States, and,, 
approximately 190,000 Americans per. year \yill die as a result of dia^^ arid its 
complications. Adopting a more global perspective, diabetes represents M enonnoifs^^^ 
challenge insofar as it now afflicts.. an estimated ,100 mlliipn people worldwide. 
Diagnostically characterized by hyperglycemia resulting from defects, in insulin- 
secretion, insulin action, or both, diabetes is now generally recognized as a group of 
metabolic diseases that share a common presentation and pathophysiology. 

Type I diabetes (juvenile diabetes or insulin-dependent diabetes mellitus) is the most : 
severe form of the disease comprising approximately 10% of the diabetes cases in the : 
United States. Type I diabetics must receive daily injections of insuhn in order to 
sustain life. Type U diabetes, also known as adult onset diabetes or non-insulin - 
dependent diabetes melUtus, comprises the other 90% of the diabetes cases. Type U 
diabetes is often manageable with dietary modifications and physical exercise, but may 
still require treatment with insulin or other medications. 

While diabetes represents a well-described entity, other target populations are also at 
risk for hyperglycemic episodes. This includes individuals v^th impaired glucose 
metabolism (i.e., impaired glucose tolerance, *TGT", insulin resistance, or impaired 
fasting glucose, "IFG"). These individuals have blood glucose levels that are higher 
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than norrnal but not high enough meet the diagnostic criteria typically .set for diabetes. 
Abont 20 milhpn people in the U.S. have IGT, accprding tP tlie National Health and 
Nutritional Examinatipn Survey HI,. and they are at higher risk for both diabetes (as few^ 
as 1 to as many as 1 0 of every 1 00 persons jwith IGT is expected to develop full blown 

5 diabetes every year) and the complications associated with chronic hyperglycemia. 

^ Similarly^ a variety of other intercurrent iUnesses; or pathplpgical conditions can impair 
glucose homeostatico mecham^ms . thereby predispp^ing hyp^rglycenn^^ and its 
"consequences;...:; ^; ■: : ■ = ,v 

Lacldng normal glucose homeostasis, the chronic liyperglycerma associated with 
1 0 diabetes has now been directly linlced to long-term damage, dysfunctibh, and failure of 
various organs, especially the eyes, kidneys, nervesi heart, and blood vessels. More 
importantly, well-controlled research tnals have documented that by tdsting and 
controlling blood glucose, people with diabetes can reduce their risk for these 
complications by up to 60 percent. Since assidiious management of glucose to near 
15 V normal levels can prevent onset and progression of complicatioiis of diabetes, patients 
afflicted with either form* of the disease are encouraged to monitor their blood glucose 
level in order to assure that ttie appropriate level is aphieyed and maintau:jed. 

Accordingly, analysis and quantification of glucose, has consistently been an obvious 
target for helping diabetics achieve and maintain npimal bipod glucose levels. Some 

20 devices involve self-mpnitoring of glucose levels by a diabetic individual and can be 
perfonned at home, and many products for sislf-mpnitoring of blopd glupose levels are 
. available commercially: Upon recommendations by doctors and.using such products, 
patients are typically instructed to measure blopd glucose levels several times a day as a 
way to monitor their success in controlling blood sugar levels. Nevertheless, many 

25 diabetics do not measure their blood glucose regularly. One important reason is that tfie 
existing monitoring products may be complicated, inconvenient, costly and painiul, 
requiring a pinprick every time a measurement is made. Furthermore, these products 
may also require some skill, dexterity, and discipline to obtain useful measm*ements. 
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Widespread awareness of the importance of maintaimng noimal glucose levels in all 
diabeticis has prompted a wave of research and development .efforts, into new 
glucometers, which embrace less invasive techniques. . As: notedj most of the 
boniniercially avaiilable glucometers for home use require tiiat . blood be withdrawn. 
Newer approaches are focusing on niinimally or noh^inyasiye. technologies that would 
encoxu-ige diaBetic self-moidtoiiri^ oil ease of use and freedom from discomfort. 
One mihimially invasive gliicometer that is approved for adjunctive use relies on reverse 
iontophoresis, wherein the diabetic weai s a proprietary patch on the- skin of the ann 
across which a current is inteiinittently pulsed thereby modifying the nomial epidermal 
pemieability barrier and^ allowing interval sampling of interstitial fluidr A variety of 
companies are pursuing alternative approaches to gain access tci the interstitial fluid 
space via laser or needle microporation, chemical dissolution of the epidermal 
permeability barrier, or micrpdialysis. ^ , 

Optical spectroscopy has attracted interest as well, including approaches relying on 
either Ranian, near-, mid-, or far-IRl^ Other innovative ^approaches are based on 
microvascular chaiiges in the retiiia, acoustical impedance, and 
optical hydrogels that quantify glucose levels 

However, despite the above potential solutions • none have been sufficiently precise, 
accurate, portable, affordable creasy enough to use to achieve either full FDA spproval 
or m^ket penetration: For example, IR-based methodologies can be utilized to 
accurately quantitate a variety of in vivo parameters such as skin hydration, skin pH, 
skin perfusion, oxygenation, and skin temperature. However, signal modification from 
water and matrix components of the blood, such as hemoglobin, plus optical scatter 
contribute to large signal-to-noise difficulties that have resulted in variation and en-or in 
measurements. 

Minimally invasive approaches have experienced similar difficulty with data analysis, 
prepision and acciiracy. Specifically, reverse iontophoresis-based meters require 
frequent calibration, such as vahdation against conventional photometric or 
electrochemical monitors, and are reported to be imcomfortable and imprecise. 
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Indwelling sensors require surgical placement^ tend to migrate, and demonstrate 
biocompatibility problems that are often secondary to a foreign-body inflammatory 
response, which can directly mterfere with sensor function, alter glucose concentration 
in the interstitial fluid, or alter transit times of glucose jfrom blood vessels through 
5 interstitial fluid. As a result, sensor readings niay drop substantially shdrtly after 
implantation or drift over the lonjg term thereafter, riecessitatiiig periodic tecalibr^^ 
repositioaiing or replacemient of theiinit ' • 

Thus, there is a clear heed for a shnple and abcUrate iiiethod and device for non- 
invasively measuring m vivo Waljke'concehtfafibiis, su6fa as' glucose; ' Accordingly, 

10 described herein is a simple and devicie' for noh-invasively 

measuring blood analyte coricentratibii, piarticiilarly iii the context of blood glucose 

, mpiiitoring in a patient. . ^ . 

SUMMARY OF THE INVENTION 

= : Inr;relafion to the aboye^ the- unmet need of (Habetips .(incliading. pre^ is 
15 addressed by the instant inyentipn which : combines . spectral and npn-spectral 
measurements and techniques to measure biological analytes, such as gluco se. 

Accordingly, in aprefen ed embodiment, the invention provides a method and apparatus 
to supplement ultraviolet- visible fluorescence measurements with one or more 
additional or adjunct measurements for quantitating an analyte, such as glucose. 

20 A preferred embodiment of this invention is directed to a method for the in vivo 
measurement of at least one biological analyte through tissue exposure to radiation, 
followed by spectroscopic analysis, preferably selectively evaluating ultraviolet and/or 
visible light fluorescence, in combination mth at least one adjunctive optical 
measurement selected from the group comprising infi'ared (IR) which includes near 

25 infrared (NiR), mid infrared (MIR) ahd far infrared (I'lR), visible Ught absorbance, 
Raman, microwave and/or combinations thereof. Alternatively, the spectroscopic 
measxu'enient is combined with at least one adjimct physiological parameter 
measurement and/or at least one adjunct ioformational parameter measurement These 
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types of adjunct measurements can also be utilized to accomplish and/or eiihance the 
caliWtion of an toalyte level quantitation device. ' ' 

An advantage of the above embodiment is that robustness, sensitivit>%specificit}', and/or 
accm*acy are added to the non-invasive measurement of the analyte (e.g. glucose), 
5 . . thereby reducing the error of the measurement. At the same time the technology has a 
clearly viable miniaturization and cost reduction strategy. 

Another advantage of the invention is that tlie signals detected from w^ater absorption, 
. : bipod components such, as hemoglobin absorption, an<i optical scatter, which are 
potential sources of variation and error in measurements, are accounted for, rather than 
1 0 factoring their variance into measurements as error. 

hi a preferred embodiment, the invention provides a niethod of determihing a level of at 
least one analyte in a tissue coniprising: exposing the tissue with an excitation radiation 
from an excitation source; detecting a spectral emission or absorption from the excited 
or ' iliumihated tissiie; determinirig' an adjunct parameter selected j from [the gcovp 
15 comprising: at least one adjuiibt spectral emission; at least one adjunct physiological 
deterininant-'at l(6ast one iadjunct infoimatioiaardetert^ and a combination thereof; 
combining the spectral emission detected with the adjunct parameter determined, and 
detemiining the level of said at least one analyte in the tissue. 

Preferably, the excitation source provides electrornagnetic radiation such as 
20 fluorescence, visible light, ultraviolet radiation, IR radiation such as FIR, MIR or NIR, 
microwaves and combinations thereof. The source preferably comprises exposing said 
tissue and excithig a target within the tissue. 

Preferably, the target is a structural, cellular, matrix, or molecular species in a patient. 

Preferably, the stractural, cellular, matrix, or molecular species is selected from the 
25 group comprising pepsin- or collagenase-digestible collagen cross links, non-pepsin 
digestible collagen cross links, tryptophan, elastin, elastin cross-liiiks, keratin, serum 
proteins, Glu-T protems, NADH, NADPH, flavoproteins (e.g. FAD), melanin 
precursors, porphyrins (e.g. including hemoglobin, glycosylated hemoglobin Al c, or red 
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blood cells), cytocliiomes, vitaniin B complexes, carotenoid, salicylate (aspirin), lactate, 
pyruvate, ketones (e.g. acetoacetate and beta-hydroxybutyrate), free fatty acids, 
succinate, fiimarate, dihydroxyacetone phosphate (DHAP), 3-phosphoglycerate, acetyl . 
CoA, succinyl CoA, alpha-ketoglutarate, malate, citrate, isocitrate, bicarbonate, insulin, 
5 triglyceride, cholesterol, phosphorus, calcium, blood lirea, electrolytes, bilirubin, 
creatinine, albumin, lactate dehydrdgehase (LDH), and combinations thereof. 

Preferably, the level of the at least one analyte is a relative or 3n absolute amount 

Preferably, at least one analyte is selected from the group comprising glucose, NADH, 
NADPH, FAD, tiTptophan, coUageUj elastin, salicylate (aspirin), lactate, pynivate, 

10 ketones (acetoacetate and beta-hydroxybutyrate), free fatty acids, succinate, fiimarate, 
DHAP, 3-phosphoglycerate, acetyl CoA, siiccinyl CoA, alpha-^ketoglutarate, malate, 
citrate, isocitrate, bicarbonate, insulin, hemoglobin, glycosylated hemoglobin Ale, 
friglycerides, cholesterol, phosphorus, cialcium, blood urea, electrolj^es, bilimbin, 
creatinine, total protein, albumin, LDH, blood gases, cholesterol, alcohol, medications, 

15 pharmaceuticals, narcotics (e.g. cocaine), and/or poisons (e.g. cyanide). 

Preferably, the tissue is selected from the group comprising human tissue, animal tissue, 
forensic tissue, skin, soft tissue of the mouth, ear lobe tissue, intemal body tissue, eye 
tissue, tissue in or around an eye, intemal organ tissue, a whole organism and 
combinations tlnereof. 

20 Preferably, the excitation radiation is at a wavelength between about 295 nm to about 
1 100 nm. More preferably, the excitation radiation is at a wavelength between about 
320 nm to about 700 nni. Even more preferably, the excitation radiation is at a 
wavelength between about 320 nm to about 510 nm. 

Preferably, the excitation source is a visible light source, a laser source, a microwave 
25 somrce, a discharge light source, an incandescent light source, a light emitting diode 
(LED), pr a fluorescent light source. 

Preferably, the spectrd emission or absorption is IR, Ramen, ultraviolet, visible, or 
fluorescence radiation. 
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Preferably, at least biib spectral emission is detected at a wavelength between about 295 
mil to about 700 iuri. ! 

Preferably, the spectral emission qpmprises measuring one or more spectral 
characteiistics of the excited target selected from the .gi;oup pomprising fluorescence 
5 life-time, ^yavelengthy inte^ity includm^ p^ak heights and peak areas, relative peak 
ratios, spectral shapes, peak shifts, band narrowing, spectral kinetics, band broadening, 
scattering, jiolarization arid combinations ttiefeof. 

Preferably, fhe spectr^^^^^ with 
deterimnatioriof saidkyii^ , ; C . C A/ 

1 0 Preferably, the detection of the spectral emission is perfomied substantially; sequentially 
with determination and/pr data entry of the adjvmct parameter. 

Preferably, the selected target and detection of the spectral emission are peirformed at 
the same or different locations of said tissue. - - ' - i : ; . 

Preferably, at least one adjunct spectral emission or absorption comprises infrared 
1 5 including NIR, MIR, and FIR^ visible absorbairice,"Ramah or inicrowavei 

Preferably, atleast one adjunct physiologiqal .detenninant is detennined by a passive or 
active procedure. 

Preferably, at least one physiological deteiininant comprises a combination of one or 
more local or systemic detenninants selected from a group comprising: oxygen 

20 saturation (arterial and/or venous), temperature, blood yolupie, one or more blood 
chemical detemiinants, blood volume change, blood pressiire, cardiac output, blood 
flow, pulsatile effects, pH, slcin perflision, hydration, vasodilation, nitric oxide (NO), 
metabolic index, or respiratory function parariieters (e.g., oxygen partial pressure and 
carbon dioxide partial pressure), as well as other tissue optical properties, such as 

25 contact pressure/optical interface, tissue color, tissue homogeneity, skin roughness, skin 
stretch, skin tone, ultraviolet effects, ultraviolet dosage, and the like, and combinations 
tliereof 
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Preferably, at least one iiifomiational determinant is a combination of one or more 
determinants selected jfrom the group comprising date, time of day, period of time since 
lastnieal, content of lastmeal, insulin dosinginfoimation (e.g. pen of time since last 
insulin injection, dosage of last insulin injection, insulin pump data), age of the patient, 
skin age of the patient, slcin AGE determination, skin color, gender, menstrual history, 
weight, percent body fat, exerciseyactivity level, pulse rate, type of diabetes^ duration of 
diabetes, type and dosage of non-insuUn medications, medSdal conlplicati secondary 
;to= diabetes, pertinent additional medip and f^lrlily history, aspirin usage, tobacco 
and/or alcohol usage, blood/senmi osmolality and analyte detemiinatipn category. In a 
preferred embodiment the informational detqra^ will also include P^ilse oximetry 
data reflecting relative or absolute levels of oxyrdeoxyhemoglobin. 

Preferably, combining of the spectral emission with the adjvmct parameter comprises 
aliasing and folding. Preferably, the multivariate technique is selected from the gioup 
corriprising partial least squares (PLS) (e.g. lirieai* or non-linear)^ principal components 
regression (PGR), ridge regression (RR), linear discriminant analysis (LDA), linear 
regression (LR), multiple linear regression (MLR), locally weighted regression (LWR), 
stepwise linear regression, neural net analysis (NN), and combinations thereof 

Preferably, calibrating the spectral infoiTnation against one or more other spectral 
emissions from said target using one or more multivariate techniques. 

Preferably, the instant method fiirther comprises detecting a vibrational-spectroscopic 
emission from the excited tissue. Preferably, the vibrational-spectroscopic emission is 
collected at a frequency conmron to the detected spectral emission. 

Preferably, the instant method fiirther comprises adjusting a leyel of analyte detemrined 
by incorporating spectral infomiation with a spatial dimension, a temporal dimension, 
or a combination thereof. 

In another preferred embodiment, the instant invention provides an apparatus for 
determining a level of at least one analyte in a tissue comprising: a light source for 
exciting a target in the tissue with excitation radiation; a detector for detecting at least 
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one qpectrar emission from the excited target; a determining means for determining, 
recording or collecting an adjunct parameter;; and a means for combining said spectral 
emissioii detected with said adjunct parameter to obtain the level of the at least one 
anaiyte in the tissue. 

5 . Preferably, the instant apparatus further comprises a display element, wherein said 
display elexnent displays, the level of the at least one anaiyte in the tissue. 

Preferably, the instant apparatus furthisr coibiprises a transmitting means for transmitting 
data pfertauiiiig to the detected specti^al emission, the adjunct pai'ameterj; the level of the 
at least one malyt^ 

1 0 Preferably, the excitation radiation is at a wavelength selected in a range from about 295 
nm to about 1 lOO nm. 

Preferably, the detection means detects emission radiation at one or more wavelengths 
in the range from about^2^^^ 7QP.^^ : . , - > : . 

Preferably, the instant apparatus further comprises an audio gerierator, wherein said 
15 audio generator generates one or more sounds when said level at least one anaiyte is 
determiiieid. . . ^. 

Preferably, the means for combining is a processor. Preferably, the processor comprises 
an algorithm to combine said spectral emission and adjunct parameter. 

Preferably, the instant apparatus fiurther comprises a memory. 

20 Additional objects, features and advantages of the invention will be set forth in the 
description which follows, and in part, will be obvious from the description,' or may be 
learned by practice of the invention. The objects, features and advantages of the 
invention may be realized and obtained by means of the iiistrumentalities and 
combination particularly pointed out in the appended claims. 
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DETAILED DESCBIPTION OF THE PREIERRED EMBODBIENTS 

Optical information from tissue can be iised to indicate the physiological stkte of the 
tissue and often the patient from which the tissue was obtained. For example, IR such 
as near-lR methods can be utilized to quantitate a number of useful iii vivo parameters 
5-- such as skin hydration, skin pH, sldn perfus^^^^^^^ as well as skin 

temperature; Many of these parameters can be quantitated using cpnanercially available 
instrumentation. However, signals seen from water absorption, or blood signals such as 
hemoglobin absorption and/or scattering are potential soufceis bf Variation and error in 
measurements. 

10 The phenomenon :of endogenous skiai fluorescence, as vvell as endogenous fluorescence 
of other biological tissues, is well known iii the field. The fluprophores responsible for 
skin autofluorescence in the ultraviolet and blue , regions of the spectruin include 
metabolic components and intermediates, plus proteins and collagen. This includes 
tryptophan, winch fluoresces' iii' the' 295-350 hianbriieter (nm rbgion, keratin, which 

15 fluoresces in the 2^5-340 nni re^ori, mbbtiriannde adenine dinucl'eotide C*NADH"), 
which fluoresces in the 460 rnn region, flaviil adeniiie dinticleotide CTAD"), which 
fluoresces in the 525 nm region, and fluorophbres associated with collagien cross-links, 
winch fluoresce in a broad region from 420 tp 490 nm. (J. Invest. Dermatol. 1 1 1 :776- 
: 780, 1 998, and references therein). The collagen cross-link fluorophores aie thought to 

20. aris.e through a number of possible chemical ti ansformations, including the Maillard 
reaction, into stable entities known as advanced glycosylation end products (AGE's). 
These AGE's form at a higlaer rate in people with diabetes presumably because of 
chronic exposure to elevated of tissue glucose levels. 

Beyond the modulations induced by prandial ingestion and insulin dosing, contributing 
25 factors to the dynamic glucose fluctuations seen in diabetics ihiay result from 
environmental chaiiges in the tissues immediately surrounding capillaries reflecting 
relative hydration, osmolality, and local metabolic phenomena such as reversible 
glucose binding to collagen. These types of environmental changes can contribute to 
tertiary structural changes that affect fluorescence spectra and whose modulations seem 
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to be directly associated with fluctuation in blood glucose levels plus incorporated 
conftibutions from other glucose dependant fluorophores, 

Vatrious spectroscopic methodologies have been widely documented for the assessment 
of tumors and other pathological conditions. However, spectral and non-spectral 
measurements and techniques have not been combined heretofore to measure a specific 
analytei using both ainalyte-spiecific and nbn-analyte^specific iriethodologies. 

, ; The present invention provides methods and devices fox in vivo quantitation and trend 
analysis of biological analyte concentrations in tissue. The present invention is directed 
to a methodology and apparatus that is able to combine ultraviolet and visible light 
spectral analyses with one or rhore other spectroscopic techniques and/or orie or more 
physiological mi5asiirenients and/or informational parameters^ for the purpose of 
iriiproving analyte level detemiination. ' 

..In general, the inyeiitipn is directed to measuring a level of at least one analyte in a 
patient, which is usually , a manimal and preferably a human, that is accomplished ]by 
exciting a target in a tissue by radiation and performing at least one spectroscopic 
visible or ultraviolet light fluorescence eruission measurement. 

Analytes that may be detected by methods of the ihstaiit invention, idclude, but are not 
limited to, glucosej, NADH, NADPH, FAD, tryptbphan; collagen, elastin, salicylate (i.e. 
aspirin), lactate, pyruvate, ketones (e.g. acetoacefate ^nd beta-hydrbxybutyrate), free 
fatty acids, succinate, fruharate, dihydroxyacetohe phosph^eite (e^.g! DHAP), 3- 
phosphoglycerate, acetyl CoA, succinyl CoA, alpha-ketoglutarate, malate, citrate, 
isocitrate, bicai-bonate, insulm, hemoglobin, glycosylated hemoglobin Ale, 
triglycerides, cholesterol, phosphorus, calcium, blood urea, electrolytes, bilirubin, 
creatinine, total protein, albumin, lactate dehydi'ogenase (LDH), blood gases, 
cholesterol, alcohol, medications, narcotics, and/or poisons (e.g. cyanide). 

Suitable targets are those that reflect alterations witlain the enviroranent of matrix 
components of the skin or other tissue and are sensitive to, or correlate with, analyte 
levels when exposed to ultraviolet or visible light radiant energy. In a preferred 
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embodiment, ratiometric analysis of multiple targets (e.g. NADH/FAD or 
oxy/deoxyhemoglobin) or integrating adjunct . data in a ratiometric fashion which 
contribute information about local environmental p^rtiirbations that similarly are 
sensitive to, or correlate with, analyte levels, when exposed to ultravi.olet or visible light 
5 radiant energy. 

In a preferred embodiment, a target excited by ultraviolet or visible light radiation may 
contribute to characteristic diffuse reflect 

lost tlirbugh elastic scatter^; absorption = or both; cm, prq^ indirect 
measure of glucose through pasual pertmlDations. ; In thi? way, t^gpt caii be used as a 
10 bioamplifier or a -bioreporter, facilitating the^ an^lysis md qu?^ of non- 

fluorescing or emitting analytes. For example, changes^^^^ 

hemoglobin, microcirculation (e.g. vasodilation and/or vasoconstriction), hydration, 
temperatxire, interstitial intravascular or intracellular particulate size, and/pr density 
cbMribute to distinct changes in diffuse reflectan Sincetthes^ spectral shapes 

15 are dependant upon scatter and absorption properties of the tissue being examined, in 
• vivo metabolic iahd physiologic perturbations indicated^ by changes in the spectral shapes 
of the diffuse reflectance emissions add valuable infpTination to analyte quantification. 

In a prefeixed embodiment, spectral information obtained by excitation with ultraviolet 
or visible radiation can be combined with pulse oximetry data to yield specific analyte 
20 and/or physiological infomiation. 

Alternately, a target may be a quencher and yield a characteristic signal which can be 
correlated with an analyte level. Fluorescence quenching is a process which decreases 
the intensity of the fluorescence emission. The accessibility of groups on a protein 
molecule can be measmed by use of quenchers to perturb fluorophores and decrease 
25 fluorescence. Quenching may occur by several mechanisms which include coUisional 
or dynamic quencMng, static quenching, quenching by energy transJFer, or charge 
transfer reactions. Data provided by pulse oximetry may be a useful adjunct for 
correlating analyte levels with quenching signal profiles. Tliis is especially important 
when considering potential changes in oxygen saturation that may occur at a global 
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systemic level, at a level restricted to a given extremity, or as a manifestation of a 
difference between central and peripheral oxygen These, types of changes 

can occur iii the face of thermal gradients (e.g. environmental or per&sipn dependent), 
" physiological acconiniddatioris (e.g. exercise or stress induced) or between temporally 
5 discrete measurements. 

In a prefeffeici eiiibddinierit, targiets for excitation include structural^ cellular, matrix or 
hiorectiliar tissue components or combination of compionents 0f the patient. . Preferably, 
the targks^'inciiide/"b are not limited to; the skin or any pfiit&iepmponents or 
apperidag^is) sucW as pepsin- or cbllageiiase^digestible coUagen pross liokSj non-pepsin 
10 dijgestiblb i^oliagen cross' lini tryptophan, elastin,'elastin cross-linksj keratin, serum 
proteihsj Glu-T proteins, = NABH, NADPH, / iflavoproteins: (e,g, FAT)), melanin 
precursdrsV porphyrins (including hemoglobin, glycosylated:hemdglpbin< Ale, or red 
blood cells),' cytochromes j soiiie vitamin B complexes, and other chroniophores, such as 
ckra t^ndidis, and cdhibiiiatioris thereof Other preferred targets may include salicylate 
. 15' (aspirin)^ lactate, p^yriiviate,- ketones (acetoacetate:and beta-hydroxybutyrate), free fatty 
acids, succiiiafe, ium'aratbj dihydroxyacetone phosphate (DHAP)i3-phpsphog 
acetyl GdA;, succinyl GoA, alpha-ketoglutarate, malate,citrateiisocitrate, bicarbonate, 
insulin, triglycerides, cholesterol, phosphorus, calcium, blood urea, electrolytes, 
bilirubin, creatinine, total protein, albumin, lactate dehydrogenase (LDH), and 
20 combinations thereof that are related to, sensitive to, or co-vary with analyte 
concentration. 

The contributions of diffuse reflectance (DR) to ultraviolet-visible fluorescence 
measurements creates a novel synergy that expands in vivo analyte detection options. 
Spectrally distinct from fluorescence, DR herein refers to light that is elastically 

25 scattered from tissue without any change in wavelength. The difftise nature arises from 
scatter that invariably occurs in a medium that has an inhomogeneous distribution of 
refractive index. Examples of such include variations in tlie structure, size and density 
of intravascular, intracellular and/or interstitial components giving rise to spatial and/or 
temporal variations in refractive index. In this regard, the character of the scatter and the 

30 information it contains obviously depends, among other things, on whether the scatter 
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arises from temporal or spatial vaiiations iii rejfractive index. For example, optical 
coherence tomography utihzes back-scatter from spatial stnictm-es for imaging purposes 
and laser doppler velocimetiy utilizes the tenapqral natoe of the scattered light to 
ascertain velocity iirformation. In another example talcen from the field of flow cell 
5 cytometry, spatii^ scatter profiles provide cell size infonhiation. M biological tissues, the 
large nuniber and var^ong distributions b types of scatter centers as well as 

variations in tiae refractive inclex of the siirrouhding medituiri vvill complicate flie precise 
nature of scatter in stich medii The waveleiigfh used,'6pficai polarizatidh, angle of 
illumination, and the way in which' tlie diffti's^^ f efl^ctecl light is detected can have a 
10 significant iixipact on the nature of the speict^ 

A convenient way to describe a diffuse reflected spectrum (when more than one 
wavelength of light is used to interrogate the tissue) is to take'the Ibgarithln of the ratio 
the signal to the uicident energy spectrum, hi transmisjsion absorption spectroscopy, 
this is routinely done to provide estimates of concentrations of absorbers in the medium 

1 5 when the Beeir-tambert law is know to apply. Although the Bebr-Lambert law does not 
apjily in tissue reflectanbe studies, it is k usiefiil transfbmlatibn. The resulting 
"absoiriiance" specTbiiiii cbntains features that may be usefiil in identifying constituent 
components although' quantification must also be addressed because: (1) scatter 
iiitrdduces a loss inechahism whereby the absbrbance sjpectrum exhibits 'apparent' 

20 absorption chiatacteristics even in the absence of truly absorbing chromophores arid this 
loss mechanism is wavelength dependent, (2) scatter gives rise to a distribution of path 
length, samplings (also wavelength dependent) whereby concentrations of true 
cliromophores present in tlie medium can not be simply extracted from the absorbance 
spectrum and knowledge of the chromophores extLuction coefficient, (3) the absorbance 

25 spectrum can be very dependent on the configuration used to measure the DR spectrum, 
and (4) temporal variations in the scatter environment will have nonlinear affects on the 
distribution of path lengths with consequent ftirther complications in chromophore 
concentration extraction and apparent absorption due to scatter. Despite these 
complications, in fact because of them, usefril inforaiation is contained in such a 

30 spectrum. 



wo 03/010510 



PGT/US02/23348 



15 

In the preferred embodiment, the DR spectrum is an optical measurement of the same 

tiissue region from which autb-fluorescence arises and hence enhances the accuracy, 
specificity iand sensitivity of ahalyte measiireinents, including: glucose. , 

Witli respect to . the. practical (such as engineering) implementation of DR in a 
5 . fluprescenperbased product, thp instrument akeady has the necessary components to do 
. such a measurement Th^ light soiirces and spectral filtering are essentially tlie same* 
Instrunient perfo requirements jnay^ 4^ between DR and fluorescence 

, : -measurements in the following 

use of DR spectrum); (2) dypamic range of detector; (3)refer«icemeasurenient; and ^4) 
10 interface probe design. 

I. Eluoresceiipe Spectrurn Correction 

Correction for absorption a^^ 

One use of diffuse reflectance emission is tp correct the fluorescence spectra for the 
perturbations arising fiFom absorption of chroni^ scatter 
15 . (scaitter losses haye spectral signatures that ^e dependent on skin optical properties as 
well as probe geometry). The affect on the fluorescence spectra arising from temporal 
and spatial variations in chromophores aiid their densities as well as temporal and 
spatial variations in scatter could be eliminatejd or niinimizqd. 

A zero-order approach is to assume tliat tlie difference in source location and 
20 fluorophore location is not a factor. The somxe light and the fluorescence light both 
traverse the same region of tissue and are therefore similarly affected. The light source 
at the surface of the specimen for a DR measurement cmi be viewed as a known 
fluorophore (via a reference measurement). Therefore, the resulting DR spectrum 
contains the perturbation effects of light scatter or absorption of skin arid chromophore 
25 absorption. Correcting the fluorescence spectra for these scatter and absorption 
perturbations amoimts simply to mverting the absorbance spectrum, talcing the square 
root, and multiplying by the fluorescence. More exact corrections have been described 
in the publication "Intrinsic fluorescence spectroscopy in turbid media: disentangling 
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effects of scattering and absorption" by M. G. MuUer et. aL, Applied Optics Vol. 40 # 
25 pp 4633.4646 (2001). 

Conection for biological or probe interface noise. One source of variations in 
fluorescent spectra are probe interface instabilities (motion-related artifacts). 
5 Additional sources may arise from ternporal changes in the tissue biology. DR can 
provide a way to track such temporal changes and correct fluorescent spectra for these 
changes. 

■ One source of variations influQresceiit specfr^^^ 
related artifacts);, : Additional sources may ari.se from temporal chajiges in the tissue 
10 biology. DR can provide a \yay to track suph temppral changes and correct fluorescent 
spectra for these changes. : 

n. Skin Classification 

In past clinical studies^ model stability is comproinised after introduction of specific 
individuals to the model. There are no obvious differences in die fluorescence spectra 

15' of such ^'individuals when compared with others. DR will provide additional 
information directly relating to the optical properties of the individuals' skin (the same 
properties that affect fluorescence) that may proyide, a more quantifiable means for 
distinguishing between individuals. This may, for example, provide for o 
model vs. another. This then would lead to improved model stability. Possible means 

20 of classifying DR spectra include the correlation of selected parts or all of the DR 
spectrum with various measured quantities such as fluoi-escence intenisity across 
individuals or sites, sites within an individtiial, individuals albiie, a melasure of skin 
color, temperature, pressui^e, perfusion, arm position, etc. 

in. Explicit glucose information to improve specificity and selectivity. 

25 The DR spectrum itself can contain signatures for glucose concentration. For example, 
some studies have shown that scatter changes with glucose concentration. Selectivity 
and specificity are at issue here since many other things affect scatter. By combining 
DR with fluorescence, selectivity and specificity can be improved. There may be other 
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mechanisms tlirough which glucose concentration may affect DR, for example, particles 
whose scatter or absorptive properties are dependent on local glucose concentration. 

IV. Physiology Infomiation 

Parameters measuring the oxygenation state of blood and blood volume can be 
5 deterniined from a DR spectrum. The utility of this information for glucose prediction 
arises from the fact that glucose is delivered to tissues via blood. Furthermore, DR is 
affected by changes in scatter and absorption. Tliese, in turn, can be caused by 
r^firkctive iindex variations (caused by ailalyte concentration changes, hydration changes, 
temperature changes, etc.), particle (cells and their components) , size changes, and 

1 0 chromophore concentration changeis (e.g. absorption) tliat correlate to physiological 
state of the tissue. In a preferred embodiment these parameters can be integrated into 
the dataset to yield information relating to dynamic blood flow, metabolic activity, 
exercise tolerance, and other physiological conditions that can be mapped by analyte 
flux. DR specti-al infomiation derived either statically or in serial sets can facilitate 

15 blood flow corrections that correct for local vs. systemic processes,: The use of 
perfusion information as an adjimct may provide usefiil information as to the effects of 
oxy- and deoxyhemoglobin on the spectra, collected. Additionally, perfusion 
infomiation can provide information as to the delivery and uptake of riutrients and the 
removal of metabolic byproducts. These parameters can be useful in deteiminhig 

20 analyte levels. 

The application of algorithmic calculations and/or modeling to fluorescence spectra 
collected from such tissues exposure to radiation will determine the concentration of 
said anal3^e (e.g. see Tliomas EV. Adaptable multivariate calibration models for 
spectral applications Anal Chem. 72(13):2821-7 (2000); Heise HM Non-invasive 
25 monitoring of metabolites using near infrared spectroscopy: state of the art. Honn 
Metab Res. (10):527-34 (1996); Martens, H. andNaes, T. Multivariate Calibration, John 
Wiley and Sons, Chichester (1993)). 

A fluorescence spectra of a given patient is obtained by choosing at least one excitation 
wavelength from the UV- visible region, exposing between about 295 nm and 1 100 nm. 
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preferably between 320 ixm and 700 nm and most preferably betv^^een 320 nm and 510 
nm, and collecting the emission spectra at one or more wavelengths, most preferably in 
the region from 320 nm to 650 nm. In alternative embodiments, any range or number of 
distinct or overlapping wavelength ranges caii be seleicted for excitation or collection 
5 ; depending on the desired target within thb tissue and the selected spectrd eniission to be 
analyzed. The step for nieasvuring fluotd^cehce' cbmpirisds ^alyzing one or more 
parameters relating to fluorescence life-time, wavelength, intensity, peak location, 
: relative peak ratio, spectral shape, peak width, pealc shift, band narrowing, fluorescence 
Idnetics, baiid. brpacjening, scattering, phase, time, polrazatipn, and the like, or 
10 combinations thereof. ; , . . . 

Without intent of being bound by theory, changes in analyte cpncenti ation, which are 
expected to be. associated with revem 

pan be detectejd and analyzed. These changes may be due. in part, to direct and/or 
. ; indirect effects of an a^ Analyte molecules 

. 1 5 . in the environment may be cpvalently or non-coyalently coupled to a target, may affect 
a;target v/ithput binding, or may simply exist unboxmd in the immediate vicinity of a 
target. Altematiyely,,the fluorescence of the target may remain constant and the effects 
of the environment or the intervening tissue may influence the signal recorded, or botli 
the fluorescence of the target and intervening effects ina:y change and produce data fliat 

20 can be seeri to co-vairy'with Milaiyte leve 

In the context of glucose monitoring, chronic hyperglycemia associated with diabetes or 
impaired glucose tolerance, IGT, progressively affects cpllagen and other skin 
components, such as pepsin-digestible collagen cross links (Monnier et al.. Diabetes 
37:S.67-?72, 1988), Accordiiigly, con'esponding spectral emissions aie expected to 

25 reflect not only dynamically shifting tissue glucose leyels, but more chronic 
glycosylation changes as well. Some of these glycosylation-induced changes are 
reversible, facihtating instantaneous and longer-term analysis opportunities. Although 
: glucose itself does not fluoresce to any significant degree, changes in glucose 
concentration, which are associated with reversible changes in the observable 

30 fluorescence of a target, such as collagen, can be detected. These changes may be due. 
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in part, to the direct and/or indirect effects of the presence of glucose or otliermolecules 
oh the enviroimient of target molecules and structures. 

In a preferred embodirnent, spectroscopic measurements are combined with at least one 
. . adjunctive measurement. An adjunct measurement or parameter is any inforaiation or 
5 data that ^ds and/or improves an analyte quantitation technique, such as ultraviolet- 
visual fluorescencei. 

Preferably, ultraviolet-visible lighf spectral data is coriibined with NIR absorption data. 
The WK data allows measurement of watef conderitration, arid contain^ specific 
infomiation about pH, hemoglobin, organic composition, and tissue temperature. 

10 In a preferred embodiment, a ISnR spectnim of heinoglobih is obtained. Heihoglobm is 
a protein found within erj^hrocytes and has strong absorbarice bands in the visible and 
NIR spectrum. Oxy-hembglobLa absorbs at 41 0 nni, 540 nin, and 580 tim imd by takmg 
absbrbance measurements at these waveleiigths it is possible to deduce' total blood 
volume and oxygenation state. Additional physiological irifoimation can te obtained by 

1 5 pairing O2 satxiration iiiformatibn with fluorescent spectm ^ecificailly iricluding, but not 
limited to NADH (or NADPH) or ratiometric NADH/FAD data. ' 

By weighting tiie measurements at either 410 and 436 nm or 540, 560, and 580 nm the 
instant invention provides a method to weight spectral features acoprding tp the depth at 
which they originate, thus providing a depth discriminating feature. Depth delineation 

20 (depth of spectral exarnihatibn) iis effected by spectroscopic identification of 
intravascular hemoglobin thereby also providing a determinaitibn of the amount of 
hemoglobin in the tissue being scanned. The detection of hemoglobin and hence 
determination of the depth from which the signal has been acquired can be used to 
trigger the collection of spectral data. Furthermore, by incorporating a pulsatile (i.e. 

25 relating to pulse or heartbeat) measurement or trending measuremait along with each of 
the aforementioned wavelengths, the total blood flow can be calculated. The 
oxygenation state of the tissue can be fiirflier derived froii the rates of production of 
bio-molecules such as NADH, NADPH, FAD, and other analytes in the metabolic 
chain, wliich may be calculated. Therefore, it can be appreciated that depth 
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discrimination refers to the relative depth normal to. the surface, of the. sldn that the 
preferred analyte signal emanates Jfrom. The delineation of depth can provide specific 
information to an algorithm designed for the calculation of analyte concentration. For 
example, if tlie concentration of a particular: analj'te in skin is related to. blood flow, tlie 
5 concentration may follow a depth-dependent gradipnt ftom the source of the analyte 
(e.g. the capillary bed which feeds nutrients to the uppCT deixtiis and ^pidennis of skin). 
The concentration of the analyte at a particular distance from the source can be 
determined mathematically and an algontim, ^k^ilil the mpiit of a dep^h 'paraineter, can 
adjust the calculated analyte quantity to express tliat value relative to the depth at which 
10 it was sampled. 

Furthermore, by incorporating, a pulsatile, (i.e. relating , to pulse or heartbeat) 
-measurement or trend; in measure;ment along. \yith each of the aforenientioned 
v/avelengths, the total bipod flow can be calculated. The oxygenation state qf the tissue 
: can be further derived from the rates of production of biorinolecule.s, such.^s NADH, 
15 : NADPH, FAD, and other:analyte3 in the met^bQlic ctiajn, which may be c^ilculated. 

In a preferred embodiment, Nik. an^/or Ranian gerieriatecl Water information may be 
correlated with physiological tissue perftision." In addition, the NIR region contains 
spectral information from glucose absorption (see Heise ref). Accordingly, adjmict 
data obtained by NIR may be used to calibrate and imprqy e the prepision of ultraviolet- 

20 visible light fluorescence data. There are at least two major ways in which adjxmct NIR 
spectroscopic measurements could improve fluorescence caUbratipn? :. 1 ) by using the 
water absorbance band in the NIR as a means by which to quantitate the amount of 
water in the tissue (tissue hydration state) and including this information in the 
. fluorescence calibration; and 2) by including spectral regions that contain information 

25 about glucose absorbances in tissue directly in the fluorescence calibration. 

In a preferred embodiment of the invention, the ultraviolet-visible light spectroscopic 
measurement is combined with at least one adjunct physiological parameter 
measurement. The physiological parameter can be measured via passive measurement 
techniques or alternatively, actively induced measurement techniques. The 
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physiological parameter may be oxygenation, oxygen saturation, temperatuie, blood 
vbluine, blood volume change, blood pressure, blood flow, pulsatile effects, pH, skin 
perfusion, hydration^ vasodilation, nitric oxide (NO), carbon dioxide (GO2), as well as 
othei: tissiie optical properties, such as contact pressure/optical interface, tissue color, 
5 tissue homogeneity, ^kiri roughness, sldn stretch, skin tone, ultraviolet effects, 
ultraviolet dosage, and the like. 

In anotiier erabodiinent of the invention, the ultraviolet- visible light spectroscopic 
measurernentr.is cp^nbin^d with at ^ least one .adjuinct inforaiational parameter 
measurement. The informational parameter is one or more parameters selected from a 

1 0 group comprising date, time of day, period of time since last meal, content of last meal, 
drug dosing infomiation such as period of time since last drug administration , dosage 
of last administration, insulin pump data, age of the patient, skin age of tlie patient 
which is the apparent age as determined by build-up of fluorescent AGEs in the slcin, . 
skin color, gbnder, menstrual history, weight- percent body fat, exercise and activity 

15 level, pulse rate, type of diabetes, duration of diabetes, type and dosage of non-insulin 
medicatioiis, medical complications secondary to diabetes, pertinent additional medical 
and family history, aspirin usage, tobacco and/or alcohol usage, and analyte 
determination category. 

In a preferred embodiment, the ultraviolet-visible hgjit spectroscopic measurements are 
20 combined with any combination of at least one adjunct physiological parameter 
irieasurenient, at lekst one adjunct informational parameter measurement^ and at least 
one adjunct spectroscopic measurement selected from the group comprising infrared, 
near infrared, ultraviolet ^d visible hght ^bsbrbance. 

The ultraviolet-visible light spectroscopic measurements can be performed substantially 
25 simultaneously or sequentially with the adjunct measurements. Further, the ultraviolet- 
visible light spectroscopic measurements and one or more adjunct measurements may 
be performed at the same or different physical location on tlie patient. 

There are four general categories of methods by which adjunct information can be 
added to fluorescence spectroscopic measurements to improve the ability to quantitate 
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the level of an analyte. The adjunctive data provides characteristics of the individual by 
introducing demographic, physiologic, medical, and other relevant inforaiation by the 
fdllowing means: 

1) For adjimct specti'oscopic methods (e,g. diffuse reflectance or Raman spectroscopies) 
5 combined v^ith fluorescence, the simplest method is simple concatenation of tlie spectra 

prior to multivariate an%sis. The scaling and weighting pf the relative imi^ortance of 
the two spectra will be handled by tlie multivariate methodology. 

2) For adjimct spectroscopic methods: (e.o-. diffuse reflectaiice or Ramaui spectroscopies) 
combined with fluorescence,' one can calculate a fonn pf reduce^ bas:|s set for the 

10 adjunct spectra prior to concatenation with the fluores 

means reducing a set of data down to some more manageablereduced set pf variables 
tlirough the application of some form of algorithm. Basis set reduction, as a general 
teclmique is very common in science (Johii Stikaj^ Mill. A Svkem of Logic: 
Ratiocinative and Inductive, variorum edition iii' Collected Works l' vols: 7-8, J.M. 

1 5 Robson, ed. (Toronto, 1973), as it involves rediibing a large number 6f variables down 
to a smaller nimiber of variables that contain all 6f the informatibn of the largernumber 
of variables! For spectroscopic applications, examples iriclude: spectral fitting; PC A; 
oxygen saturation calculations; peak area measurements; pealc location measurement; 
peak shape measurements; quantification of soiiie analyte or Value from' the spectra 

20 through imivariate or multivariate meaiis; wavelet traiisfonris; etc. This reduced basis 
set is then concatenated with the fluorescence siiectriun and multivariate analysis 
performed. Adjunct measurements that already comprise a reduced baisis set {viz., they 
are the summary of some other measm'ement (e.g. pulse rate, blood pressure, blood 
analyte values measured firom a blood sample, height, weight, age, body fat percaitage, 

25 air temperature, etc.) that was taken either simultaneously or not simultaneously with 
the fluorescence measurement) can simply by concatenated with the fluorescence 
spectrum prior to multivariate analysis. 

3) Adjimct measurements, either by themselves or following some form of basis set 
reduction, can be used as a means of categorizing multivariate calibration models and 
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choosing which one or ones to apply. Multivariate cahbration models are only 
applicable to the set of variables and conditions on which they , were modeled. The 
adjunct measurement can be used as the criteria by which the selection of the most 
appropriate multivariate calibration model is done. 

4) The adjimct measurement or sdmereducedbasis.set:form of the adjunct mieasurement 
caii be used as a idirect iriput into the algorifluh or multivariate calibration model being 
used. • f ^ |_ ..... . 

5) The adjunct spectial measurement can be used to coixect thejfluoresceiice spectrum 
and rfeihove aitera!tibris Of the fluorb^^^ spectrum that come from known spurces. Por 
example, a diffuse reflectance ispectrum can be. used . to . correct the fluorescence 
spectrum for the effects of melahin or hemoglobin absorbances.. 

The step of combiniiig priniajy a^ adjunct datasets may include aliasing and folding 
the acquired data, fpr example, in aFoimer Transform spectrometer, for the puipose of 
making robust qu^titetiye meas^ constituents non-invasiveiy. Fourier- 

transform spectroscopy ("FTS") provides a set of performance parameters completely 
different froni dispersive spectroscopy. FTS has been widely accepted in the infrared 
region since 1 967, and has all but totally replaced dispersive techniques in the infrared 
spectroscopy laboratpiy (H. JVT. Heise and R. Marbach et al.. Noninvasive Blood 
Glucose Sensors Based on Near-Infi-ared Spectroscopy, 1 8(6) Artificial Organs 439-47, 
1994,.P. R. Griffiths, Foijrier Transfon;n Infrared Spectrometry 222(4621) Science 297- 
302, 1983),, 

Aliasing means that the information fi-bm two spectrally distinct spectral regions will be 
combined m one spectrum. This spectrum containing infonnation from both the aliased 
and non-ahased spectial regions is then input directly into the multivariate calibration 
model. 

Altematively, combining comprises using two or more parameters, e.g., parameters, as 
input variables for one or more algorithms relating to the quantitation of the analyte. 
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In prefen"ed embodiment, the invention provides steps of correcting spectroscopic and 
non-spectroscopic parameters by at, least one of the. following diiriensions: spectral, 
spatial such as slcin depth and skin surface area, and temporal. 

The spatial dimensions may be used to sort out the contributions from pH, electrolytes, 
5 temperature, and the like. As an exarnplCj a temperaliire gradient may exist between t^^^ 
'^'^ outer surface of the skin and the tissue inside. . Accordingly, the effects of temperature 
' on the measured signal may or may not scale with the distance into the tiissue normal to 
the tissue surface: whereas contributions frorii (electrolyte. .concentr.atiQns audpHmay or 
' - ' riiay not be more evenly distrib:uted. IThus^ a spatialdimen^ion is used to. separate out 
10 ' ' ■ the effects of temperatm*e on the. measured signal frora fliose effects due to pH and 
electrolyte concentrations: . 

Temporal dimensions provide additional selectivity, which can be used to sort out 
contributions from electrolyte, pulsatile, pressure and ternperaturie clianges or 
contributions from active or passive stimulation. As a result, temporal paranieters have 
15 particular value, when elucidating local and/or systemic responses to yaiying stimuli. 

Spectral dimensions represerit changes in spectral form over time. Therefore, measures 
of spectral change as a function of time, allow the different variables to be selectively 
extracted, based upon a temporal dimension. 

Dimensioiial (e.g. spectral, temporal or spatial) information obtahied using these 
20 embodiments can be subjected to a combination of mathematical transformations. For 
example, statidard statistical techniques, such.as partial least squares CTLS") analysis, 
or principal components regression ("PGR") analysis, can be used to correlate the 
absorbance of radiation at specific wavelengths to analyte structure and concentration. 
PLS techniques are described, for example, in Geladi et al, Analytica Chimica Acta 
25 185:1-17, 1986. For a description ofPCRtecliniques, reference maybe had to Jolliffe, 
L. T., Principal Component Analysis, Springer- Verlag, New York, 1986. 
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These dinieiisioiis can be applied to improve analyte measurements by adjusting the 
original measurement before the mathematical iteration is perfomied to calculate the 
analyte concentatioh. 

9- 

For example, the spiatial diiheiisidn can be utilized to minimize the effects of the 
5 temperature gradient on fluorescence or diffuse-^reflectance spectra. The first step is the 
derivation of the effects of a temperature gradient on fluorescence spectra and 
establishing a- mathertiatical mode! to explain this gradient ? utilizing an adjunct 
hie^urenient; It is possible to detect temperature using infirared spectroscopy. In this 
' exanipfe, ' iri&ared-^ measureiiiehts' . could be: used as a maliiematical 

10 tf arisiformation on the fluorescencie spisctra before the calculative glucose algorithm was 
applied to them. The algoritlom used to calculate glucose concentration would be 
appUed after the transfomiatioii and would be made on a spectrum that was iadependent 
of temperature gradient effects (as they were accounted for by the adjunct measurement 
and subsequent transformation). 

15 Temporal information cian be used to correct for variations in time during the course of 
a measurement. For example, if the pressure applied to a probe changes over tlie course 
of a nieasurement, an adjunct measure of probe pressure can be used to adjust the 
measurements before the algorithm to calculate analyte concentration is applied to the 
data. In a simple situation, onq can assume that pressure has a liaear relationship with 

20 the measurements being taken. Thus, by recording pressure information during the time 
the measurements are taken, each measurement can be scaled by the constant value 
recorded dviring the course of the measurement. The transformation of the data using 
this adjunct measurement allows the analyte level to be calculated independent of the 
pressure of the device during the course of the measurement . 

25 Spectral dimensions, as described above, refer to the change in the shape of spectra over 
time. Those changes that can be quantified and are not related to analyte concentration 
can be accounted for in the same manner as tlie two examples described above with an 
initial transfoimation before the application of an algorithm designed to calculate 
analyte concentration. 
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( 

Tn a preferred embodiment, the invention provides a method of signal processing to 
• improve the accessibility of chemically or physically significant information in the 
aiialytical signals. Specifically, the intensity values of signals obtained at particular 
' wavelengths can thus be processed to reduce the effect of, instrumentation noise and 
5 thus processed signals can then be subjected to multivariate analysis using known 
statistical techniques. • 

Ih another preferred embodiment, vibrational spectroscopy, for example, infirared or 
Raman, with high specificity and a relatively . lo\y. signal to noise ratio is utilized to 
enhance balibration models built with fluorescence spectroscopy data.. Specifically, this 
10 application is usefiil when collecting: data in a common speptaim on a common 
firequency axis on the same spectrometer, or alternatively, coUepting data with different 
spectrometers and later combined. 

Calibration refers to the set of operations which establish, tmder specified conditions, 
the relationship between values indicated by a measuring instranient or measuring 

15- • system, and the corresponding standard or known values derived firom the standard. It 
is the process of relating data measurements for the purpose of increasing the accuracy 
and precision of the methodology and instrumentation in use. Statistical calibrations 
using chemometric methods can be used to extract specific infonnation from a complex 
set of data. Such relaitional methods, of caUbration include linear regression, multiple- 

20 linear regression, partial linear regression, and principal components analysis. In other 
applications, calibrations can be carried out using artificial neural networks, genetic 
algorithms and rotated principal components analysis. The result of a calibration 
permits the estimation of errors of indication of the measuring instrument, measuring 
system, or the assignment of values so that the instrument-measuring system conforms 

25 to a known measurement output to achieve the smallest error between the instrument 
and the standard. In an embodiment of the invention, the step of caUbrating may 
comprise analyzing the measurements obtained using one or more chemometric 
techniques, such as multivariate analysis methodologies selected firom the group 
comprising: PLS, PGR, IDA, MLEL> LR, LWR, RR, NN, stepwise LR and combinations 

30 thereof. General references for multivariate calibrations include Marten and Naes. 
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iBstrumentation that detects information for one or more constituents in . a complex 
chemical matrix must rely upon analysis algorithms, such as, those derived using 
chemometrics, in order to reveal information that is specific for one or more chemical 
constituent. " Chemdmetrics techniques can be used to compare u^^ with 
5 calibrated standards and databases to provide advanced forms of cluster analysis, and to 
extract features firom an vinknown patient tliat can be used as information iii statistical 
and. mathematical models. 

Chemometrics relates to' the i application of math statistical and pattem 

recogriitioh technique 

10 AiialXheiri; 62:84-101 / 'Ghemometrics is practiced herein 

and using noiunvasive • diagnostic iQStnimentation that^^ signal 
processing and calibration techniques. Signal processing is used to improve the 
accessibility of physically significant information in analytical signals. Examples of 
signal processing techniques include Fourier transfoimation, first and second 

15 derivatives, and digital or adaptive filtering. 

Principal components analysis ("PGA") can be performed in the; application of 
chemometric tecliniques to specti'oscopic measurement of , chemical ianalytes in a 
complex nlatrix. PGA is used to reduce the dimensionality of a large number of 
interTela;ted variables while retaining the information that diistinguishes one component 

20 firom anotlier. ■• This reduction is effected using an eigenvector transformation of an 
original set of interrelated variables (e.g. an absorption spectrum) into a substantially 
smaller set of \mcorrelated principal component (*TG") variables that represents most of 
the information in the original set. The new set of variables is ordered such that the first 
few retain most of the variation present in all of the original variables. See, e.g., Jolliffe, 

25 L. T., Principal Component Analysis, Sprinter-Verlag; New York (1986). More 
particularly, each PG is a linear combination of all the original measurement variables. 
The first is a vector in the direction of the greatest variance of the observed variables. 
The succeeding PCs are chosen to represent the greatest variation of the measurement 
data and to be orthogonal to the previously calculated PG. Therefore, the PGs are 

30 arranged in descending order of importance. 
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A weighting constant comprises .the wavelength coeffid^ 
■ regression and/or principal components regression, or aay constant obtained from any 
statistical calibration that can be: used to calculate values (such as anal^^^ 
for unknown patients.: A wavjelength: weighting factor is an enibodiment.of ai weighting 
5 ^ constant which is - used .in the construction : of an optical JBlter means capable of 
. emphasizing wavelength-specific mformation from spectral data. The wavelength- 
' specific information can be usied to detemriiie desired ,yalue& to . the patient 

undergoing axialysis. (e.g., analyteGoncentratipn), A\vayelengfe^ 

embodied as a particular filter density (e.g., neutral or wayelengthr specific), filter 
10 thickness, or the like, such parameters having been determined using the above- 
described statistical calibration techriic^^ 

In an embodiment of the invention, , an apparatus for perfomung the above adjunct 
methodologies comprises a light source for exciting a target in the tissue with excitation 
radiation, a detection means for detecting, recording or collecting at least one spectral 
15 emission fi-om the excited target, a determining means for determining an adjmict 
; parameter, such as the spectral, i)hysiolpgical, or. infonnation parameters mentioned 
; above, and a means for combining said ^spectral emission detected with said adjunct 
. parameter to obitain the level of the at least one, analyte in the tissue.. 

In a preferred embodiment of the invention, the apparatus comprises a display element, 
20 wherein the display element displays the level of one or more analytes and/or the 
adjunct parameter. The apparatus niay also comprise a transmitter for transmitting data 
pertaining to the defected spectral emission, the adjunct parameter, the level of the at 
least one iialj^ei or an^y conibi^ to a centralized server, database, personal 

computer, or any other electronic receiver desired. The apparatus may fbarther include 
25 an audio generator that generates one or more sounds notifying the user when analyte 
level(s) are determined. 

One specific application for this device includes the non-invasive detenhination of 
glucose levels for the self-monitoring of glucose levels in people with diabetes. Other 
potential applications pertain to the identification of people with impaired glucose 
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metabolism such as impaired glucose tolerance, IGT, or impaired-fasting glucose. 
People with IGT; represent a new category o£pre-diabetics, and have blood glucose 
levels that are higher than normal but not high enough to sayithey have diabetes. To 
diate, tois condition has been diagnosed using an oral glucose tolerance test (OGTT). In 
this test , blood glucose is measured before and 2 hdurs after apatients drinks a glucose- 
containiiig solution; after a fast of 8 to 12 hours; About /20 miUiori people in tlie U.S. 
have IGT, according to the National Health and Nutritional Examination Survey m. 
People with IGT are at higher risk for both diabetes and experiencing complications 
• associated with chroruc h^ i^;!. .. :: > ; .: . 

Although ttie invention has been particularly shown and described with reference to 
several preferred embodiments thereof, it will be understood by those slcilled in the art 
that various changes in foml and details may be made therein without departing from 
the spirit and scope of the invention as defined in the appended claims. 

Exianiple 1: Acquire a fluore^cencb 'specthim'from a person; acquire a diffuse 
reflectance (or other adjuncfs^^^^ and use 

the diffuse reflectance spectral measurement as k irieans by which to determine the 
appropriate inultiyariate calibration rnodel to apply to the fluorescence measurement. 
Diffuse reflectance measurements contain information about skin color and skin 
oxygenation. Vaiious multivariate calibration models are based on fluorescence 
spectra that apply only to specific oxygenation levels or skin colors. The specific 
rnultiyaiiatp models ^laye smaller enrprs than general models .that apply to all skin 
colors and oxygenation levels. 

Example 2: Acquire a fluorescence spectrum from a person; acquire a diffuse 
reflectance spectral measurement (or other adjunct spectral measurement), either 
aliased into the fluorescence spectrum or non-aliased, then combine the two spectra 
(concatenate), and use them together in a smgle multivariate calibration model. 
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Example 3: Simultaneously acquiie diffuse reflectance spectra and fluorescence 
spectra. Calculate a sldn oxygen saturation value (basis set reduction) from the 
diffuse reflectance spectixim (using methods likeV.e.g-., Brurielle JA, Degtiarov AM, 
Moran RF, Race LA. Simultaneous measurement of total hemoglobin and its 
5 derivatives in blood using CO-oxiineters: analytical principles; their application in 
selecting analytical wavelengths and reference methods; a comparison of the results 
of the choices made^ Scand J Clin Ldb lnS^est Suppl. 1996; 224:47-69). The skin 
oxygenation value coinputed from tlie di&ise reflectance da;ta is th^n used to scale 
the resiilts of the analyte cbncentratidri thiaf had been sep^^^ the 

10 skin fluorescence spectra and a multivariate calibration model. This can be done 
using a simple linear scaling of the form: Anew = C * b2sat * Api, where A is the 
analyte value, C is a constant, 02sat is the oxygen saturation value obtained from tlie 
diffuse reflectance data, and Api is tlie fluorescent analyte level. It should be noted 
tliat as an altematiye, oxygen saturation inforaiation may herein be supplied by a 

15 pulse.oximeter as well. , . . . 

It is intended that the specifications be considered exemplaiy only; 
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■ ' * Claims - 

1 . A method of detemiiiiing a level of at least one analyte in a tissue comprising: 

exposing the tissue with an excitation radiation from an excitation source; 
... detecting a.spejctral eniisdpn#pm the exciteci tis^ . 

determining an adjmct param consisting of: at least 

one adjunct spectral. emisdon;,9r ^feso^^ least one adjunct physiological 

: . . deteipainant;; at le^st one adjunpt infpnn^tional de^ and a cpmbination thereof; 

I combining the spectral emissipn detected with the adjunct parameter 
determined, and ^ 

^ determining the level of said at least one analyte in the tissue. . 

2. The method of claim i wherein the eixcitation source is selected from group 
consisting of laser, visible light, ultraviolet, IR, FIR, MIR, NM^ and microwave sources 
and combinations thereof ^ . . : ^ . , ... ,5 

3. The method of claims 1-2 wherein exposing said tissue comprises exciting a 
target within said tissue. 

4. The metliod of claim 3 wherein said target is a structural, cellular, matrix, or 
molecular species. 

5. The method of claim 4 wherein said structural, cellular, matrix, or molecular 
species is selected from the group consisting of: pepsin- or coUagenase-digestible 
collagen cross links, non-pepsin digestible collagen cross links, tryptophan, elastin, 
elastin cross-links, keratin, serum proteins, Glu-T proteins, NADH, NADPH, 
flavoproteins, FAD, melanin precursors, porphyrins, hemoglobin, glycosylated 
hemoglobin Ale, red blood cells, cytochromes, vitamin B complexes, carotenoid, 
saUcjdate, lactate, pyruvate, ketones, acetoacetate, beta-hydroxybutyrate, free fatty 
acids, succinate, fimiarate, dihydroxyacetone phosphate, 3-phosphoglycerate, acetyl 
CoA, succinyl CoA, alpha-ketoglutarate, malate, citrate, isocitrate, bicarbonate, insulin. 
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triglyceride, cholesterol^ phosphorus, calcium, ^ blood -urea, . electrolytes, bilirubin, 
creatinine, albumin, lactate dehydrogenase, and combinations thereof. 

61 The method of claims 1^5 wherein the level is a relative or an absolute measure, 

7. The metiiod of claims 1-6 wherein the at least one analyte is selected from the 
group consisting of glucose, NADH, NADPH, FAD, tryptophan, collagen, elastin, 
salicylate, lactate, pyruvate; ketones, acetoacetate, beta-hydroxybutjor^te, free fatty 
acidsy succinate, fumarate, DHAP, 3-phosphoglyQ^^^ succinyl CoA, 

. yphia-ketbgltitar^Lte ■ riialate, citrate, isocitrate, ; ;bicarbonate;, j, insuliix,, ; hemoglobin, 
' glycbsylated Hemoglobin Alc^ triglycerides^: cholesterol, phosphorns, calcium, blood 
mrea, electrolj^es, bilirubin, creatinine, total protein, albumin, LDH, blood gases, 
cholesterol, alcohol, medications, phannaceuticals, narcotics, poisons and cbmbinations 
thereof. 

8. The metliod of claims 1-7 wherein the tissue is selected from the group 
consisting of human tissue, animal tissue, forensic tissue, slciri, soft tissue of the mouth, 
ear lobe tissue, internal body tissue, eye tissue, tissue iii' or aroimd ian eye, internal organ 
tissue, a whole organism and combinations thereof. 

9. The method of claims 1-8 wherein the excitation radiation comprises a 
wavelength betvv'een about 295 nm to about 1 l6o nni. 

10. Tlie method of claims 1-9 wherein the excitation radiation comprises at a 
wavelength between about 320 nm to about 700 nm. 

11. The method of clauns 1-10 wherein the excitation radiation comprises a 
wavelength between about 320 mn to about 5 10 ixm. 

12. The method of claims 1-11 wherein the excitation source is selected from the 
group consisting of a laser, an infrared light source, a visible Ught source, a fluorescent 
Hglit som'ce, a microwave source, and combinations thereof 



13. The method of claims 1-12 wherein the spectral emission or absorption 
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comprises iirfrared radiation, ultraviolet, visible, diffii.se reflectance, Raman or 
fluorescence radiation. 

14. The method of claims 1- 1 3 wherein theat least one adjunct spectral emission or 
absorption is detected at a wavelength between about 295 nm to about 650 Dm. 

15. The method of claims 1-14 wherein detecting ' said spectral : eiiiission or 
absoiption comprises measuring one or more; spectral characteristics of the excited 
target selected from the group consisting of fluorescence ^ life-tiinej , wavelength, 
intensity^ rela;tive peafe^^ shapes^ peak shifts, .band naixo,^^ spectral 
kmeties, baiid broadening,^ scattenng, polarization and: Qombm thereof 

.16. The method of claims 1-15 wherein detection of said spectral emission or 
absorption is performed substantially simultaneously with deteimination of said adjunct 
, parameter. 

17 . The method of claims 1-16 wherein the detection of said spectral emission or 
absorption is perfomied substantially sequentially with determination of said adjunct 
parameter. 

1 8. The method of claims 1-17 wherein excitation of said tissue and detection of 
said spectral emission or absorption are performed at the same or at different locations 
of said tissue. 

19. The method of claims 1-18 wherein the at least one adjimct spectral emission 
comprises infrared, near infrared, or visible absorbance. 

20. The method of claims 1-19 wherein the at least one adjunct physiological 
determinant is detennmed by a passive or active procedure. 

21. The method of claims 1-20 wherein at least one adjunct physiological 
determinant is provided by a pulse oximeter. 

22. The method of claims 1-21 wherein the at least one adjunct physiological 
determinant is obtained from the tissue or from a patient from whom the tissue was 
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obtained. - . 

' 23. :i The method , of claim 22 wherein the; at least one adjmict physiological 
determinant is a combination of two or more detennmaixts both.selected from the group 
consisting of: oxygenation of the tissue or thC; patient,, tissue or patient^ temperature, 
patient blood volume, patient blood volvime change, patient blood pressme, patient 
blood flow, iDlood flov/ of the tissue, pulsatile effects of the patient, pH of the tissue, 
tissue perfusion, hydration of the tissue, vasodilatidn of t^^ ot e02 content 

of thje tissue, optical .p^ affects of the tissue, 

stretch affects of the tissue, idtrayiolet affects of the tissue, ult^^ of tlie 

tissue, and combinations thereof. 

24. The methpd of claims^ 1-23 ^vherein the at least one adjunct informational 
determinant is obtained from the tissue or frpni a patient from whom the tissue was 
obtained. 

25. The method of claim 24 wherein the at least one adjunct informational 
determi^^t a combination .of one; or more detenninan^^^ selected from the group 

: consisting of date or time of day the tissue was obtained-from the.patient, period of time 
since the patient's last meal, content of the patient's last meal, period of time since the 
patient-s last insulin m^ dosage, of patient's last insulin 

injection, tissue age, tissue color, build-up of fluorescent AGEs in the tissue, sex of the 
patient, point in patienf s menstrual cycle, tissue weight, weight or percent of patient's 
body fat, patient activity level, patient pulse rate or bolus, type of patient's diabetes or 
diabetes medications, type of patient's non-diabetes medications, patient aspirin usage, 
patient tobacco usage, patient glucose signal response category, and combinations 
thereof 

26. Tlie method of claims 1 -25 wherein combining of the spectral emission with the 
adjimct parameter comprises aliasing and folding. 

27 . The method of claims 1-26 ftirther comprising calibrating flie spectral emission 
against one or more other spectral emissions from said tissue using one or more 
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multivariate techniques, 

28. The method of clami 27 wherein the one or more multivariate techniques ai-e 
selected from the group consisting of PLS, PGR, LDA^ RR, LR, MLR, NN, stepwise 
LR, LWR, and combinations thereof. 

29. The method of claims 1-28 fiarther comprising detecting a vibrational- 
spectroscopic emission from the excited tissue. 

30. The metlibd of claim 29 'wherein thie vibrational-spectroscopic emission is 
collected at a frequency commoii to the spectral emission. 

31. Tlie method of claims 1-30 further comprising adjusting the level of analyte 
detemiined by incoipbratiilg spectial information, a spatial dimension, a temporal 
dimension, or a cordbinatioii thereof. ' . .. 

32. An apparatus for detennining a level of at least one analyte in a tissue 
comprising: * 

a light source for exciting a tissue with excitation radiation; 

a detector for detecting at least one spectral emiission'frdm the excited tissue; 

a determining means for deterinimng, recording or collecting an adjunct 
parameter; and 

a means for combining said spectral emission detected with said adjunct 
parameter to obtain the Ibvel of the at least one ana:lyte hi the tissue. 

33. The apparatus of claim 32 iurther comprising a display element, wherein said 
display element displays the level of the at least one analyte in the tissue. 

34. The apparatus of claims 32-33 further comprising a transmitting means for 
transmitting data pertaining to the detected spectral emission, the adjunct parameter, the 
level of the at least one analyte, or a combination thereof 

35. The apparatus of claims 32-34 wherein the excitation radiation is at a 
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wavelength from about 295 iini to about 1 100 nm. 

36. The apparatus of claims 32-35 wherem the detector detects said at least one 
spectral emission of one or more wavelengths in tlie range from about 295 nm to 650 
mn, 

37. The apparatus of claims 32-36 wherein said analyte is selected from the group 
consisting of glucose, NADH, NADPH, FAD, tryptophan, collagen, elastin, salicylate, 
lactate, pyiTivate, ketones, acetoacetate, beta-hydioxybutyrate, free fatty acids, succiaate, 
fumarate, DHAP, 3-phosphdglycerate, acetyl CoA, succinyl CoA, alpha-ketoglutarate, 
malale, citrate, isocitrate, bicarbonate, insulin, hemoglobin, glycosylated hemoglobin 
Ale, triglycerides, cholesterol, phosphorus, calcimn, blood urea, electrolytes, bilimbin, 
creatinine, total protein, albimiin, LDH, blood gases, cholesterol, alcohol, medications, 
pharmaceuticals, narcotics, poisons and combinations thereof. 

3S. The apparatus of claims 32-37 further comprising an audio generator, wherein 
said audio generator generates one or more sounds when said level of at least one 
analyte is determined. 

39. The apparatus of claims 32-38 wherein said means for combining is aprocessor. 

40. The apparatus of claim 39 wherein the processor comprises an algorithm that 
combines said spectral emission and said adjunct parameter. 

41. The apparatus of claims 32-40 further comprising a memoiy. 

42. Tlie apparatus of claims 32-41 wliich provides real time information on said 
level of the at least one analyte. 

43. The apparatus of claims 32-42 which provides trending information on said 
level of the at least one analyte. 

44. The apparatus of claims 32-43 wherein the adjxmct parameter is provided by a 
pulse oximeter. 
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and it considers that the International Application does not comply with the requirements of unity of invention (Rules 13.1. 13.2 and 
13.3) for the reasons. indicated below: , , . \ 

The inventions listed as Groups I and II do not relate to a single inventive cbnc^t under PCT Rule 13. 1 because, under PCT Rule 
13.2, they lack the same or corresponding special technical features for the following reasons: 

Groups I and Q do; not relate. to a single inventiye concept because they lapk the same or corresponding special technical features 
since an apparatus is known in the ait. For example,since claim 32 only requires a light source that can excite a tissue with excitation 
radiation, a detector for detecting at least one spectral emission from the excited tissue, a determining means that can determine, record 
or collect an adjunct parameter and a means that 'can combine said spectral emission detected with said adjunct parameter to obtain the 
level of the at least one analyte in the tissue while Kimura's patent teaches all components recited in claim 32 (US Patent No. 5,665,962, 
published on September 9, 1997), the technical feature of Group II Is not special. 
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